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Session P.l1l.2

RESEARCH PROGRAM AND OPERATING EXPERIENCE
ON ORNL REACTORS

By

M. E. Ramsey - QOak Ridge National Laboratory
C. D, Cagle - Cak Ridge National laboratory

INTRODUCTION

The research programs at the Oak Ridge Natioznal ILaboratory
which make use of reactors or reactor products primarily use the
two general-purpose research reactors. These are the normal-uran-
ium, graphite-moderated reactor and the Low Intensity Testing
Reactor. It is interesting that neither of these were built ex-
pressly as long term research reactors but have been adapted to
this usage.

The research work iavolving usage of these reactors covers a
wide range of fields in botk pure and applied research including
the following: basic studies of meutron and radiation properties,
solid state structure acd phase transitioms by use of neutron spec-
troscopy, rediation damage of materials, radiation effects in
chemistry, radicactivation analyses of trace impurities; biological
effects of radiation, reactor development, and radiation mopitoring
development.

Another important usage of these reactors is the preparation
of radioisotopes for world-wide usage.

Training of personnel in reactor techrnology 1s aamother impor-
tant phase of the work. Two programs are devoted to this work. Ome
is the Oak Ridge Institute of Nuclear Studies (ORINS) which concen-
trates on the uses of radioisotopes. The other is the Oak Ridge
School of Reactor Technology which teaches the principles of reactor
theory, design, and usage. In addition to these formal programs,
faculty members from wniversities all over the United States do
special research work at the reactors especially during the summer
months.

This report describes these reactors and the research facilities
available.
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GRAPHITE REACTOR

The OCak Ridge National isboratory’s graphite-moderated, air-cooled,
normal uranium reactor {figuresl and 2) was built as the pilot plant for
the plutonium-producimg reactors whick are at Hanford, Washington. Con-
struction was started early in 1943, and critical loading was completed
on November 4, 19%3. This was the first reactor built that could be
cooled and thereby operated at & reasonably high power level for long
periods of time and was the secord reactor built im this cowmtry. It
was designed to operate at one megawati power level, and its prime
purposes were o furnish operating experience, reactor characteristics,
and to provide smail quantities of plutomium to aid in the development
of chemical separation techniques to be uwsed at Hamford, Simce this is
an air-cooled reactor, water-cooled fusl tubes of the Hemford type were
simulated in some of the L"-square test holes.

The reactor core and reflector is a 24° cube of graphite built up
of 4" gquare by 50" lcng blocke and comtains 128 fusi chammels that
are 1 3/4" squares with the diegomsls vertical amd horizomtal. Also
there are 22 horizontal L" square holes that go all the way through and
six that go half wey through the graphite perpemdicular to and between
the fuel chammels, Six verticael 4"-square holes penetrate to a depth
of 17'-4% in%o the graphite. Ten ipstrumsst openings penetrate the
shield up to the graphite. Two thermel colurm opemings, two l4"-square
biological spscimsn emtramces, four 1.68" diameter holes through the
central core, and & foil slot through the reactor center make up the
rexpinder of the experiment faciliity opemings. Ses Table I

TABLE I

RESEARCE OFPENINGS IWFD CGRAPEITE REACTOR

MaxIuups

Kind of Number of Thermal Im-Cd Approximate
Facility Facilities MNeubtrom Flux Retio Gauma Temperature
4-inch square L2 3.6 x ?1811 $0 20 3 x10° to 35°€C %o
horizontal  openings 1 x 10 8x105 R/br 160°C

il 5 o
boinch square 3 8 x 10 20 6.7 x 107 135C to
vertical R/br 0°c
1,68-inch y 1 x 167 20 9 x10° 35%
diameter R/br
horizontal
23Min, x 1  1.1x10% 20 9x10° o
3/8 in. foil R/hr 160 C
slot
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Fig. 1. A Cutaway Sketch of the Normal-Uranium, Graphite-Moderated Reactor
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TABLE I {CONT'D)}

Maximum
Kind of Bumber of Thermal In-Céd Approximate
Facility Facilities Neutrom Flux Retio Gamms Temperature
Unused fuel 5 5.5 x 102, 20 k5x10°, 35%
chapnels in tol x 10 to 9 x 10
core region R/br
Upused fuel 1418 102 o, 10* ¢ 30% to
channels in 3 x 1ot 3 x 10 50%
reflector R/hr
region
. 2 o
14-in, square 1 1.3 x 10 ~T0 200 R/br 25.C to
biological Ma-Cd 35¢C
tunnel lead- ratio
lined
. 8 ) 3 (*)

14-in. square 1 5 x 10 73 3.4 x 10 25°C to
biological Mn-Cd  R/hr 35°%C
tunnel bare ratio

. 7 -a6
5-foot square 1 1.5 x 1G ~10 235 R/hr Room
vertical ther- at top of Tempera-
mal column coluun ture

1 -2 L
25-foot square 1 5 x 10 130 1.2 x 10 Room
horizontal thermal R/hr Temp -
column erature
Unused 9-inch 2 107 o0 0 5 x 103 °
- » lad e X 35 C

square ioni- 107 Mn-Cd R/hr
zation chamber ratio

holes

The reactor shield is a T-foot thickness of concrete that sur-
rounds the core with manifold spaces provided for the ccoling air.
Plugged sleeves set into the concrete provide access to the holes
The inner-most and outer-most 1l-foot thick-
nesses of the shield are normal structural concrete and aggregate

through the graphite,

and contains web-type steel reinforcing.

The space between is

filled with a special concrete mixture containing haydites, an ex-
panded clay, to retain sbout 1:0% of the make-up moisture as neutron




shielding and barytes aggregate to increase its density. The shield
was overdesigned and is still more than adequate at the present higher
power level., The reactor does not have a thermal shield, but the con-
crete is insulated to some degree from the graphite by layers of as-
bestos and cellamite. (See figure 3.} A 10 -inch high air passage
across the top of the core between the graphite and the concrete was
designed into the reactor but was closed off shortly after operation
started to deflect more air through the fuel channels when it was
found to be unnecessary,

The reactor coolant is atmospheric air that makes one pass
through and is discharged to the atmosphere through a 200-foot stacke.
In order to remove the heat at the present 3.5 megawatt operating
level, 120,000 cubic feet per minute of air is drawn through by two
900-horsepower suction fans. Rough fiber glass filters remove dust
particles from the air at the inlet to the system and a combination
of fine fiber glass and asbestos paper filters remove radiocactive
particles picked up from the reactor before the air reaches the
suction fans.

Five of the original eight shutdown rods are now in use; (See
Teble II) +three were removed to provide for experiments since they
proved to be unnecessary., Three of the remaining rods enter vertical
k" square holes from the top of the reactor. These rods are not of
the original design., They are 31" square hollow steel shells 8 feet
long that contain a layer of 1/16" thick cadmium in the walls ard a
shield plug in the upper end. They are attached to steel cables that
can be wound up on & windlass operated by electric motors through an
electromagnetic clutch., The brake +that holds the rod wup in the
operating position is on the electric motor so that 1f the power to
the electromagnetic clutch iz lost either by electrical power faillure
or by intentional interruption as for & normal shutdown, the windlass
is made free to turn and allows the rod to fall into the core by its
own weight, Full fall requires little more than one second.

The other two shutdown rods are 1 3/4" square steel rods 200
inches long which contain 1.5% boron. They enter two of the hori-
zontal 4" square holes which are sleeved down to 2" square with
graphite. These two rods are driven by hydraulic motors for slow
travel into or out of the reactor and can be made to travel the full
distance into the reactor by a high pressure oil system within L
seconds, This high pressure, 900 pounds per square inch, is main-
tained by two large weights pressing upon oil-filled cylinders and
is kept from the drive mechanismws by normally open solenocid velves
so that, if the electrical power fails or is interrupted by the
shutdown switch, the valves open and allow the 900 psi pressure to
hit pistons which operate rack and pinion drives to push the rods
into the reactor.

Two other rods, identical to the hydraulic rods are used as
regulating rods when the reactor is being operated manually. They
are driven by electric motors and are not part of the shutdown
system. Both rods have a fast speed in and out and one has a slow
speed for fine control.
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Fig. 3. Temperature Traverse Through the Concrete Shield of the Graphite Reactor
Showing that Gamma Heating is not Excessive nor is the Temperature Differential
Through the Shield Great Enough to Cause Severe Stresses.
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Within recemt momshks sn awtomatic comtrol system has beem developed
which uses ope of the hydravliic rods in the neerly out position as its
comtrol rod. The clectrically drives regulsting rois are still used to
position the ausomatic cozirol rod within itz operating ramge. This
arrangement tepds to migimize distortiom of the newbrom flux psttern
within the reactor cors.

Up wmtil recently a boroz shot tube was kept for emergemcy or
disaster shutiown use., This consisted of & hopper of borom-steel shot
that could be relezsed into the reactor core region by pulling a cable
in the control room to release a plug im the bottom of the hopper. The
hopper was within the top shield of the reactor and could mot be easily
inspected. Also there was mo way to test the workimg of the apparatus
on & routine basis, 3By accident the pull ceble was pulled recently amd
the shot did not falil into the reactor. They were found to be rusted
and stuck together. Recause of this, authorization has been given o
completely remove the equipmesnt since eny safety equipmeant that cenrot
be pericdically checked canmot be trusted to operate. A1l olher safety
features can b2 checked,

When operation of the graphite reactor was firast started, very low
lsvel neutron flwe during startup was monitored with s counter and then
by a gamma compeneated Loron costed ionization chamber as the power level
rose to the kilowati level. The preactice of wsing the neutron counter
was dlscoptimued apd only the iomizetiom chember retsiped. This is
safe because the fuel lozding is kept such thalt the excess reactivity
is below the deiayed neutron copirivution and presms criticael is an
impossibility. Thrze of the gavma coxpensated charbers ars now in
use--one is read bty & gaivapomsber and usel Tor staertup apd mapusl op-
2ration, s secorfi for tke auvbomatic control snd the third for vernier
control w‘i ite iz mapaal opsration or 23 & spare. These chambers are
located gu,., shjeld of the reactor where they "see” & neutron £L
of about 1C n CH=-2EC

Thres other non-gamss-compensated, boron-costed iorvizetion chsnbers
are used Tor the safeby imstrmmentation to scram the resctor by way of
electronic %$rips if the power level should be allcwed to excesd 5.5 meg-
awatts. It 1s not mecessary thel these chanbers be gamma compensated
because they are importaat cnly at & meutron level where the gamma con-
trivution is negligibls,

A second safeguerd .ﬂgai.as;, power sxcursions is a system of boron-
coatzd thermoplicss whose composite sigpal which is proportionzl to the
power level iz fed $o0 ar electronic strip recorder containing a high
level trip to initiate a scram at 6.0 megawatts.

The temperasture of the aluminzum jackets that enclose the uranium
metal in the reactor must also bg limited. This 1s accomplished by
incluiing in the loading fuel pisces havipg iron-constamtin thermo-
couples attached to the jackeds, Experience has shown that the hottest
position im any fuel row is two Jeet past the cenier of the row in the
direction of the air flow. AT least forty such thermocoupies are kept

-10-




in the reactor at all times and positioned to give a good represen-
tation of the temperature distribution. The thermocouple having the
highest reading supplizs a signal to a single point strip recorder
containing a high level trip to scram the reactor if the temperature
exceeds 325°C. Actually the operator does not allow the temperature
to exceed 280°C. It has been found that a standard power level of
3.5 MW can generally be maintained year around without exceeding the
safe temperature level.

The temperature of the graphite near (1 foot from) the center of
the reactor is recorded but does not actuate any scram or alarm. Iis
value averages sbout 135°C.

Temperatures of the inlet and exit cooling air streams are measured
for the purpose of heat power calculations by thermohms located in the
inlet end exit air ducts. At one time the signal from a thermohm in the
exit air duct was fed to & strip recorder containing a high level trip
to cause a scram. The scram feature has been removed as unnecessary
since the lag in this temperature is too long to be of value in the
event of a power excursion, and it served no other purpose.

A pitot tube in the inlet air duct sends a signal to oil mano-
meters at the control desk and to & ring-balance circular chart re-
corder which scrams the reactor if the air flow drops too low,
Another ring balance recorder shows the pressure drop across the re-
actor from pressure teps located in the inlet duct and in the exhaust
manifold. This recorder also scrams the reactor if its reading falls
too low.

The radiocactivity of the exhaust air from the reactor is measured
by an ionization chamber through which a continuous sample of the air
passes. The signal from this ionization chamwber is read on & strip
recorder at the control desk anrd until recently would actuate & scram
if the normal radiocactivity level increased by a factor of three. Ex-
perience has shown that the reactor itself could not cause such a con-
dition unless it experienced a violent power excursion or great loss
of air flow, conditions which, if they occurred, would initiate a scram.
Also the off-gas from experiments and equipment at the Low Intensity
Test Reactor have been tied into the graphite reactor exhaust and it
would be pointless to shut down the graphite reactor because of radio-
activity from scme other source. In the course of one operating dﬁ{
the reactor generates a total of about 500 curies of radiocargon (A™+)
from the 0.9% argon present ia the atmosphere. This is the major
radiocactivity in the exhaust air. There is a small amount of mixed
fission product gases being evolved from small gquantities of uranium
oxide dust from defective fuel elements caught in cracks between gra-
phite blocks.

The concrete shield at the exhaust end of the fuel channels would
be damaged by the continual blast of hot air emerging from the channels
if it were not protected. A one-inch thick wall of cellemite is spaced

-11-
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four inches from the inner face of the concrete to form a separate
chamber which is cooled by a separate air stream. The pressure within
this region as well as the air flow to it are monitored. If the nega-
tive pressure within the region becomes excessive, there is a possi-
bility that the shield wall might collapse. To guard against this
event, a negative pressurs greater than 34* of water will cause the
suction fans to be turned off. Loss of the fan suction shuts the re-
actor down by the other mesns described.

The hydraulic pressure accumulators which drive the horizontal
shutdown rods into the reactor must be kept pumped up to comtain a
sufficient volume of oil at all times that the reactor is in operationm,
If a leak in the system should develop allowing the weights to fall to
a minimum level, a switch actuated by the weight scrams the reactor
while there is still enough oil ieft to accomplish the shutdown.

Frequently experiments are performed which can develcp conditioms
vhich can imjure personnel, the reactor, or expensive equipment if the
reactor is not scrammed. Safeguard circuits from these experiments can
be tied inbo the reactor scram circuits. Typical examples are:

l. Ore of the thermal column openings is shielded by a tank of
water which, if accidentally drained, would allow about a
2-foot square beam of radiation to emerge from the reasctor
into & heavily frequented persomnsl arss, To prevent this,
a radiation monitor at the location scrams the reactor and
sounds a siremn.

2. A b4¥-square horizontel hole comtaims & water-cooled hollow
cylinder of enriched wrarium aluminum alloy in which targets
can be subjected to a high fast neutron flux. If the water
flow were to fail thz cylinder would probebly melt and damage
the reactor. The reactor is scrammed by a water £low recorder
if the flow is lost.

3. A vertical 4" square hole is used to expose capsules containing
test fuels for homogencous reactors to check both solutiom
stability and corrosion of the cepsule walls. If the pressure
in the capsule hecomes excessive due t0 unexpected behavior, the
capsule may rupturs causing cortamination of equipment or even
personnel with fission products. To prevent this, a pressure
monitor on the capsule scrams the reactor to stop the pressure
buildup.

Manual scram switches are located at the control desk, the exit doors
of the building, and at the sxperimeat locations. The control comsole is
shown in Figure b.

-12-
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TAELE IIT

AUFOMATIC REACTOR SCRAM SUMMARY

Power level greater than 5.5 megawatts {ionization chambers)

Power level greater thap 6.0 magawatis {dboron-coated thermopiles)

Metal temperature greszter than 3250(:

Air flow less than 40,000 cfm

Differential pressure across reactor less than 8 inches wg.

Radiation at horizonmtal thermsl columm greater than 50 mr/hr

Any experiment requiring that the reactor be shut down for safety reasons.

The reactor fuel is mormel uranium metal in the form of l.1l inch
diameter by 4 inch long slugs emcased in a 35-mil thick 2-S aluminum
jacket., These are charged into the fuel chanmels end-to-end to simulate
long rods. The purpose of the scgmentation is for ease in handling,
Each slug weighs about 2% pounds.

The fuel is imserted into the rsactor by hard and positiomed with
measured rods while the reactor is shut dowm. Removal is accomplished
by pushing it om through the graphite from which it falls through the
air exhaust mapifold to a chute which leads to & 20-foot desp water pilt
outside the reactor shield, See Figures > and 5a.

All during the operation of the reactor an eannoying number of fuel
elemept failures have occurred and two full scalie atitempts have been
made to improve them. The £first elemsnts used were jacketed im 2-S
aluminum cams having 20-mil thick walls, and the caps were sealed om by
resistance welding, No bonding existed between the uramium and the
aluminum, This type was used during 1943 and part of 194k, The mext
type had 35-mil thick 2-S aluminum walls with the caps arc-welded on in
a helium atmosphers, Again the uranium and the aluminum were anot boaded
but were die-pressed to be in ciose contact. No failure of the first
type of elements occurred but they were used only at low power and for
only a short time. The second type camz imto use when the power level
was increased from ope megawatt to 3.6 megawaits. The failure rate of
these elements was gpproximately ome per month, Although this rate was
not’ excessive enough to curtail operation, it did require constant
vigilance to prevent damage to the reactor. The causes of failure were
probably several, but the erd result was always the same--bursting of the
aluminum jacket allowing the rapid formation of uranium oxide which was
carried away to some degree by the air stream causing contamination of
the air exhsust system with fission products. The more serious result

-1l
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Fig. 5. A Closeup View of the Fuel Charging Face Showing Operators Pushing
Fuel Elements from the Reactor Core.
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Fig. 5a. Operator Inserting Fuel Elements into a Fuel Channel. After being Inserted by Hand,

They Are Centered in the Core by Pushing Them into Place with Measured Steel Rods.



of failure is the possible sealing off of the channel by the swelling
element jacket as the oxide volume increases. When the air flow
ceases, other elements in the channel fail due to high temperature.
This has occurred twice, once in 1947 and again in 1948, The first
instance involved 13 elements and the second 5 elements. In both
instances the fuel channel was so scarred by the discharging tech-
niques that had to be used that they were not suitable for further
use as fuel channels and were diverted to other usages. Since that
time a weekly inspection of all fuel channels has prevented the re-
currence of such multiple failures,

During 1952 the fuel was changed to & bonded type. This bond is
an aluminum-silicon eutectic which fills the space between the aluminum
Jacket and the uranium metal. Its purpose is to seperate the uranium
from the aluminum and still provide good heat transfer. It also tends
to slow the rate of a failure by minimizing the area of uranium thet
might be exposed to air if a tiny hole should develop in the aluminum
Jacket. Since one of the causes of failure in the unbonded elements
was interaction between the uranium and the aluminum if the temperature
were in the 200° to 300° range for long periods, it was hoped that the
bonded elements could be operated above this temperature allowing the
power level to be increased. This, however, has not proved to be true;
the element Jjackets are now operating at a higher temperature relative to
power level than before due to the better heat transfer from the uranium
to the aluminum jacket through the bond under the thermocouple bead and
failures occur at an objectionable rate above 300°C indicating that there
is still sufficient contact between the aluminum and the uranium to cause
trouble. With the unbonded elements the jacket temperature could be
operated continuously at ZhSOC without experiencing serious failure rates.
The power level at this temperature averaged 3.6 megawatts with frequent
operation at k. O megawatts. With the bonded elements, experience has
shown that 285 C as shown by the thermocouple should not be exceeded for
long periods-. The average power level now is 3.5 megawatts to stay be-
low this limit. The gain has been only in the frequency of failure rate
which 1s less than half that with the unbonded elements. A temperature
traverse along the length of & fuel channel is shown in Figure 5.

The quantity of normal uranium required for critical loading was
ailmost exactly 30 tons. The present loading is 54 toms to provide
sufficient excess reactivity for the benefit of experiment and radio-
isotope target materials in the reactor as well as to provide for the
poisoning effect of the Al-Si bonding material in the present elements.
See Figures 7 and 8.

The reactor 1s operated on a round-the-clock basis with the only
routine shutdown being from 5:00 a.m. to about 3:30 p.m. each Monday.
The continuous operation is necessary for the varied experiments being
conducted as well as for a routine production of radioisotopes. The
percentage operating time since the recactor first attained critical
loading is in excess of 90%. During the routire shutdown, each fuel

-17-
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ORIGINAL LOADING

¢) 30 ELEMENT ROWS TO PROVIDE HIGHER NEUTRON
FLUX IN VERTICAL THERMAL COLUMN

@) 65 ELEMENT ROWS

Fig. 7. First Operating Fuel Loading of 35.7 tons of Normal Uranium. The 30-Element
Rows at the Top Were to Provide a Higher Neutron Flux in the Vertical Thermal
Column,
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Fig. 8. The Present Fuel Loading Pattern of the Graphite Reactor Showing a Much Expanded
Core Size and Shorter Rows at the Center to Depress the Temperature in that Region.
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ZONE NUMBER CHANNELS NUMBER SLUGS
{ 60 44
2 26 45
3 42 51
4 38 51
5 58 54
6 54 54
7 438 54
8 {14 47

This Loading Consists of 54.1 tons of Normal Uranium.
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channel is inspected for any evidence of failure, changes in research
equipment made, radioisotope targets are removed and insexted, and re-
quired maintenance performed. Close scheduling is required to accomplish
this work in the allotted time and plapning always starts each Thursday
for the following Monday.

Other shutdowns are scheduled as required for emergency maintenance,
of course, and shutdowns for special research or radioisotope production
work are somstimes arranged with the permission of other research per-
sonnel using the reactor.

At the standard operating powerl%evel of 3.5 mesgawatts the maxi-
mum thermel neutron flux is 1.1 x 10*“ n/cm” sec. Up watil 1952 the
pover level was generally kept as high as possible without exceeding
the temperature limitation of the fuel jackets. This caused several
different power levels to be existing even during the course of one day
ranging from 3.4 to 4.2 megawatts and caused & lot of extra work for
the research personnel in normalizing their data. This was a case of
doing something just because it had alweys been done and was & hangover
from the old plutonium production days whem it was required to operate
at the highest power level possible. The present operation at a stand-
ard power level has somewbat simplified the work of the research per-
sonnel but even now very precise work has to be specially monitored at
the exact facility being used.,

Due to the size of tke reactor and the placement of the regulating
rods slow fluctuations of greater than one perceat cem take place in
one day in any one location without any chaage in the over all power
output of the reactor. As the temperature of the coolant {atmospheric
air) inereases from shorily efter daylight until about 2:30 or 3:00 p.m.,
vhen the peak temperature ususlly occurs, the regulating rods move out-
vard to compenrsate for the overall temperature rise in the reactor. This
causes the peak flux in the reasctor to move toward the center of the re-
actor in the direction the rods arz travaling. The opposite effect be-
gics shortly thereafter until ebout 10:00 p.m. after which nearly a
statliopary flux pattern exists until daylight. For this reason, research
personnel meeding precise neutron flux coatrol prefaer data taken at
night unless they have automatic compensatiom inm their equipment which
many have at present,

Also, due to having two general purpose pucumatic exposure tubes and

& vertical hole throuvgh which relatively large samples {up to 18" long
by 2%" in diamster) car be imserted and removed without shutiing downm,
many brief flux fluctuations occur all during the day as these facil-

ities are used. Announcemesnts five minutes prior to such fluctuations
by way of a public address system gives each research man time to pre-
pare for them or raise objectioms to their being don=. Ancther such

fluctuation occurs during a major regulating rod adjustment which must
be made at any time the two reguiating rods becoms urtalanced as much

as 10 inches. This occurs due to having fine control movement on only
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PER CENT OF MAXIMUM NEUTRON FLUX

PER CENT OF TEMPERATURE AT
GRAPHITE MONITORING THERMOCOUPLE (~{$35°C)
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Fig. 9. A Typical Thermal Neutron Traverse Through One of the 4-in Square Experiment Holes.
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Fig.10. A Typical Temperature Traverse Through @ 4-in Square Hole Showing a Flattening at the Center.
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one rod. Vhen this rod has been moved inward or outward 10 inches
farther than the ome-speed rod, they are re-balanced by moving one in
one direction and the other in the other direction simultaneously., At
best, some fluctuation occurs and this, too, is announced five minutes
ahead of time. The balancing procedure minimizes distortion of the
flux pattern in the reactor. This technique need only be used during
manual operation. While the reactor is in automatic control, the rods
can be adjusted to be an even distance out at all times,

Since the total poisoning value of the five shutdown rods is only
2,7% AK the loading is limited to half this value for the cold reactor.
Due to the low power demsity, roughly 600 watts per cubic foot, the
xenon-135 poisoning is not severe only 0.24 4X . The combined temp-
erature coefficients amount to O.4% .AEE , making a total of 0.6% 4K .
An allowance of sbout 0.3% 4 X is caficelled by the regulating r
to provide flexibility of cofitrol and for experiments of a temporary
nature, Another 0.5% 4X 1s used by permanently installed experiment
facilities giving a totdl of epproximetely loh% AKX eycess reactivity
for the clean cold reactor. The only possibility of prompt critical
occurring is during startup and this is prevented by a careful slow
startup procedure which requires fifteen minutes.

TABLE IV

SUMMARY OF GRAPHITE REACTOR INFORMATION

Size of graphite --=-eeeooceo___ bt x 240 x 247 4" high
Thickness of concrete shi@ld ---ecccmom o e 7°'0"
No, of fuel chamNels —-memee e e oo 1248
No. of 1.6" diameter holes through central part of core - b
Type of fuel ---emecom e normal uranium
Dimension of alumimum-cled fuel
element (8lug) --=--=cmmeeoemoeoo 1.1" diameter by 4.1" long

Weight of uranium metal per slug ------cccmmmmmmmao 1170 grems
Thickness of aluminum cladding --~===em-eccccmcmmcaoo o -035"
Bonding material between Al and U -w-ecemommcmom oo Al1-Si eutectic
No. of fuel chanmels containing fuel -~----cecmcocoaeo_ 821

2h-slug rows ------- 10

Ll-slug rows ---—--- 51

L5-slug rows ------- 23

b7-slug rows ------- 115

51-slug rows ------- 79

S5h-glug rows ------- 543
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TABLE IV (CONT'D)

No. of 4" square openings -----=--c-ecoemmmmmmooeo_. 56
No. of horizontal through holes (4" sq.) ------------- 22
No. of horizontal half holes (4" s5q.) ~--==-mececma-aa-a 6
No. of vertical holes (4" 8q.) =-=-cmmeemoccmccccamaa- 6

No. of 4" sq. horizontal through holes used
for control and shutdown rods ----ceccmmcmcmamcccanan 4

No. of 4" sq. horizontal openings for experi-

mental and target eXposures ------ec-cccccerccacana- b7
No. of 4" sq. vertical holes for

shutdown r0d8 -=eececmcmcccm e cc e mccccc e ceeaa 3
No. of 4" sq. vertical holes for experi-

ments and target €XPOBUTeS ----==-==c-==--c-oo-oooo- 3
Other experiment facilities --=---ecmmmmccmmmeo e 1k
Total reactivity value of shutdown rods -----=--—--=e- 2.7% _Ark
Total reactivity value of control rods ~~-----e=ee—--- 1.1% A%E
Approximete amount of reactivity absorbed by

experiments and radioisotope samples ----=------eu- 0.5% A%E
Weight of uranium in reactor ------cececmcmmcccmcccaan 5k.11 tons
Maximum thermal neutron flux at 3.5 MW ------=cwce---- 1.1 x 1012
Cedmium ratlo -~----ccecmcmccc e 20
Average gamme photon energy ---------cecc-ccacccacacana- 0.9 mev
Maximm gamma photon flux {at average energy 11 2

0f 0,9 MEV) =mmmmcmmm e 5.13 x 107 y/cm"-sec.
Maximum gamma dose rate ----eee-ccmcacocmcaanao 9.2 x 107 R/hr
Ratio of gamma flux to thermal neutron flux ----«----- 0.50
Standard reactor power level ----ce-ccccmcccccccanca- 3.5 megawatts
Average grephite temperature at center of reactor ---- nal35°C
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TABLE IV (CONT'D)

Average metal temperaturs at hottest region --cowceee--- ~270°c
Average neutron flux (based upon power level 1, o
and amount Of fugl) =eem-me-eeeccmcceemceeccmcec——eeea 5.0 x 107 n/cm“-sec
Ratio of maximm thermal rneutron flax to average
thermal neutron flux -~ewweemccccceccccccceecacocaaa- 2.24
Volume of active portion of reactor ~-=------ T 5,933.4 cu.ft.
Power density inside active portion ---e-emeccccaao 587.5 watts/cu. ft.
Yolume of coolamt 8ir -=c-cccccccmccaccccnrncnccnecncan-" 120,000 cfm.
Negative pressure imside reactor ----eececccceccccccnncn-n ~ 29" wg.
Operating metal temperature coefficient ------=-e-ee-ea- — .29 inhour/°C
Operating graphite temperature coefficient ------=mw---- — oT7 inhour/°C
Barcmetric pressure cosfficlent -------ceoeeeccccccnooao — 038 inhour/mm Hg
Xenon poisoming coefficient -------e-ememmocccacamoooaoo ~ 25 iphours/1000 KW

SPECIAL RESEARCE EQUIPMENT AT THE GRAPHITE REACTOR

l. Neutron Spectrometers (Sze Figures 1l and 12,)

Three aewbron spectromzters are in use. Two are operated by
the Physics Divisiom and ome by the Chemistry Division. The primary
beams of meutrons from collimators set im L-inch square cpenings
ramge from about & inch square to am imch square. This beam con-
sists of meutrons of all emergies from about 0.03 ev to more than
10 mev and cammot be used., From this beam e crystal set in its path
scatters the neutrors at angles imversely proportiomal to their
energy. By using a secopd collimstor, meutrons of about 0,07 ev
(sbous 1A° wave lengtb) are cbtained. These are used in much the
same way as x-rays in studying crysta,l structures, crystal tramsi-
tions at different Lemperatures ’using heaters or refrigerants),
and the location of muciei ir» erystals., Neubtrons are particularly
useful in studying crystels containing hydroger, deuterium, or
tritium since they are scattersd by nuclei rather than by shell
electrons.

2, Vertical Low Temperature Exposure Facility - Hole 12

Operated by -- Solid State Division
Thermal neutron flux -- 8 x 101 n/en® sec.
Gemma -- 6.7 x 10° R/br.
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This is a newly installed facility that is cooled by a helium
refrigerator. The lowest temperature that can be obtained in the
exposure chamber is about 18°K. The maximm sample size that can
be accommodated is 1 inch in diameter by 24 inches in length. It
will be used to study radiation damage without annealing occurring.

Horizontal Low Temperature Facility -- Hole 52-N

Operated by --- Solid State Division
Thermal neutron flux -- 3.6 x 10 /cm283¢.
Gamma -- 3 x 10° R/hr.

The horizontal low temperature facllity has been in operation
since 1952, The exposure chamber can be cooled to llSoK by a stream
of helium gas passing through a liquid nitrogen heat exchanger. The
maximum size of samples is 7/8 inch diameter by 5 inches in length.

Water-cooled Fast Reutron Exposure Facility -- Hole 51-RNorth

Operated by -- Solid State Division
Neutron fluxes: 11
Thermal -- 5.5 x_ 10— n/cm®-sec.
Fast -- 8 x 10* n/em@-sec.
Gamme -- 5 x 10° R/hr.
Temperature in exposure chamber -- /v25°C

The fast neutron socurce is a water-cooled hollow cylinder
made of aluminum-clad : enriched wranium-aluwminum alloy. The max-
imm semple size is 1z inch diameter by 11 inches long. Samples
are inserted and removed by a chain conveyor.

Water-cooled Horizontal Exposure Facility -- Hole 19

Operated by -- Solid State Divisjion 5

Thermal neutron_flux -- 8.5 x 10 n/ecm®-sec.

Gamma -- T x 10° R/hr o

Temperature in exposure chamber -- ~30 C

Maximum semple size -- 1} inch diameter x 8 inches long

Samples are inserted and removed by water pressure and are cooled
by water flow,

Vertical Water-cooled Facility -- Hole 10

Operated by -- Reactor Operations Department for general usage by
all research diﬁ'._sions and radioisotope producticn.

Thermsl neutron flu.g -- 7 x 10t% n/cmP-sec.

Gamma -- 5.7 x 107 R/hr

Temperature in exposure chamber -- 30°C (controlled)

Maximum sample size -- 2% inch diameter x 1 foot long

~-08-
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Samples for short exposure are tied onto waxed linen cords.
Long exposures are done in aluminum cans with upright bails which
are lowered to the bottom and retrieved with grappling hooks.
Reactor shutdown is not required for insertion or removal.
Semples are stored in six-place rotating magazine shield over
hole.

Fast Pneumatic Tube -- Bole 56-north {See Figure 13.)

Operated by -- Physics Division

Thermal neutron flux -- 3.6 x 10

Gamme. -- 3 x 10° R/hr. o

Temperature of exposure chamber -- ~.50 C

Maximm semple size -- 5/16 inch thick by 13/16 inch wide
by 1 1/4 inch long

11 n/cm? sec.

Samples are inserted into and removed from the reactor by
COo pressure. Exposure time can be less than one second. Removal
time is less than one second. Equipment operates automatically,
exposure being controlled by timing mechanism.

General Usage Pneumatic Tubes -- Hole 22-South

Operated by -- Reactor Operations Division for use by all research
divisions and for ioigotope production.
Thermal neutron flux -- 6.5 x 10 n/cm™ sec.
Gemma -- ~.5 x 102 R/hr. o
Temperature of exposure chamber -- ~80°C
Maximum semple size:
Large tube -- 3/t inch diameter x 2 1/4 inch long.
Small tube -- T/16 inch diameter x 2 inches long.

Ordinarily samples are discharged to a storage shield to
await pickup. Samples from the large tube can also be made to
travel through a shielded tube to a laboratory room for quick
analyses., Samples are inserted into and removed from the reactor
by COp pressure.

Fuel Channel Pneumatic Pube -- Channel 2079

Operated by -- Reactor Operations Department for usage by all
research divisions_and fgr radioisotope production.

Thermal neutron Flux -- 5.5 x 10°T n/em® sec.

Gemma -- ~ 4.5 x 107 R/hbr.

Temperature of exposure chamber --,AJSOOC

Maximum sample size -- T/8 inch diasmeter x 3 3/8 inches long.

This tube utilizes one of the two fuel channels that were

made unuseble for fuel by removal of a multiple fuel rupture. Access

is through & hole drilled through the concrete shield opposite the

charging face., Samples are inserted and removed by COp pressure and

stored in a eight place magazine shield.

-29-
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10. Oscillator -- Hole 56-South (See Figure 1k.)
Operated by -- Physics Division

This facility is a four-inch square hole which contains a
boron-coated ionization chamber beside which & small beryllium
oxide boat containing a specimen can be oscillated. The current
through the ionization chamber will be inversely proportional to
the neutron absorption of the specimen. By oscillaeting the spec-
imen, a wave-form voltage change will be introduced in the circuit
whose amplitude will be proportional to the neutron absorption
cross section. By using some material whose cross section is
well known, such as gold, for a standard, the neutron absorption
cross section of any material may be determined.

11. Stringer Holes --Hole 13 and Hole 1k (See Figure 15.)

Operated by -- Reactor Operations Department for use by all research
divisions and fi{ radioisotope production.

Thermal neufron flux -- 1 x 10t to 9 x 101! n/cn? sec.

Gamma, -- 10* to 8 x 107 R/hr. o

Pemperature in exposure regions -- ~-35°C to ~160 C

Maximum sample size -- 3/4 inch diameter by 3 inches long.

These facilities are stringers or trains of connected L4-foot
long graphite trays that extend all the way through two b-inch-
square horizontal holes. Each tray accommodates 36 targets and
the two holes accommodate a total of 389 targets. Reactor shutdown
is required for removal or insertion of materials, so the minimum
exposure time is one week.

12. '"Doughnut" Holes -- Fuel channels 1768, 1867, and 1968 (See Figure 16)

Operated by -- Either the research divisions or by the Reactor
Operations Department depending upon the material
inserted.

Neutron fluxes: 11 o

Thermal -- 4 x 10 p/cn”-sec,
Fast -- 2.2 x 10— n/cme-sec, - 0,5 mev.

Temperature in exposure chamber -- ~L0°C

Maximum sample size -- 1/2 inch diameter x 11 inches long.

These are fuel channels in the center of the core region which
each contain seven 4-inch long hollow aluminum-clad normal uranium
cylinders. Targets are tied to either iron or aluminum wires of
measured length to center them in the uranium. Removal is accom-
plished by winding the wire up on a shielded windlass. Reactor
shutdown is required for removal or insertion.
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Drive Mechanism Was Made from a Washing Machine.
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Vertical Thermal Column (See Figure 17.)

Operated by ~-- Primarily the Physics Division with minor use by
other divisions.
Neutron Fluxes:
Thermel -- 7 x 107 n/cm?-sec at top of column.
Fast -- negligible 6
In-Cd ratio --- ~ 10
Gamma -- ~135 R/hr at top of columm
Average gamma energy ~-- .~ 3 mev.
Temperature -- Room temperature at top of column,

This thermal column is a stack of graphite blocks in a
5-foot square {at the bottom) hole through the roof of the reactor
shield centered over the reactor core, The top is shielded by a
5-foot square tank of water with lead and cadmium around the sides.
Materials to be irradiated or radiation shield configurations to
be tested are lowered through the water to the bottom of the tank.

Horizontal Thermal Colummn -- opposite fuel charging side (See
Figure 18.)

Operated by -- Physics Division
Neutron Fluxes: o
Thermal -- 5 x 10° n/cm®-sec.
Fast -- In-Cd ratio is 130
Gemma -- 1.2 x 10% R/hr
Temperature -- Room temperature

This thermal column opening is not used as a thermal column
but as a 1lid tank for shielding tests. The opening through the
reactor shield contains a 2-S aluminum tank which can be filled
with water to act as a radiation shutter. A concrete-shielded
vater tank just outside the hole normally acts as the biological
shield when the shutter tank is empty. Shielding configurations

are built up in the outer tank and checked for attenuation efficiency.

Inclined Biological Tuanel {See Figure 17.)

Operated by -- Biology Division and Reactor Operations Department
Neutron Fluxes:

Thermal -- 1 x 107 n/cm?—seco

Fast -- negligiblg

In-Cd ratio -- 10

Gamma -- 360 R/hr

Temperature -- Room temperature
Meximum specimen size -- 7 inches x 3 inches x 3 inches
-35-

A
'
4
i
t



ORNL-LR-DWG 3180

ALUMINUM TANK~—__ //
LEAD SHIELD /

PILE ROOF
(CONCRETE) N\

S |

L1 1] IIV4 ,% 737;;T'¢:T'
o [ry| A7 8-in. SQUARE
unal y/ 4~ ALUMINUM TUBE
T T 11

|

I

|

|

| 5

[T 111/ AR
/ T

[T TT4 AT 1T ES-

I

<. GRAPHITE BLOCKS

T T T T PP TP T iT 711
4 1-<
A v
‘-f'-' ~’ ._‘. _.-. .-.

S AR i
v 4

GRAPHITE PLUG

¢ ol
4 - .
o N

-

|

{

|
=
@ v

BISMUTH BOX ——

HEENEEREREEN:

. . co b e L L
e Lo e T e :
A T i .
s et T s s 2

PILE MODERATOR (GRAPHITE)

THERMAL COLUMN

Fig. 17. A Sectional Sketch of the Vertical Thermal Column Showing the Inclined Biological Tunnel.

~36-



*3uUD] 184N AY4 Ul pPo|quassy Aty Paisa) 3q o}
suo1panBijuos plalyg pup suounaN 4504 satjddng supj ayy usamiag a4o]d 824N0G wWnjuoin
payonug uy “Bujusd uUWNjO) |PWIBY] [DJUOZIIOH BY4 o uUD] PIT 8Yy4 ojul umoq Bupyoo] g *Biy

Y3ILYM MO d0
ONINYYM HO3 NOYLINOW

S

ONIOI3IHS q3aav
Y04 SHO0T8 3L3HONOD .

Wyt

o b

ot

...37...

S3TIWVS JO
140ddNS Y04 SWv38

0713IHS 31d INYO 30 m,o<m 1S3m

L7101 OLOHd N e




16,

17,

18.

This biological tumnel was buillt in order to lower the gamma
to neutron ratio for biological exposures beyond the value of the

facilities built into the reactor shield. It is a slanted shield plug

through the graphite in the thermal column and the exposure chamber
is enclosed with a l4-inch thick layer of bismuth metal., Specimens
are put into a graphite box which is affixed to the lower end of the
tunnel., Movemsnt of the plug is dore by & holst.

Lead-lined Bilological Tunnel

Operated by -- Biology Division and Reactor Operations Departmeat
Neutron Fluxes: 2
Thermal -- 1.3 x 109 n/em™-sec.
Fast -- Mn-Cd ratio 1s 70
Gamma -- 20C R/hr
Pemperature -- ~25°C
Maximm specimen size -- 24" long x 12% wide x 10" high.

This tiologicel tunmel was bullt into the reactor shielding
at the time of copstruction. It is located in the shield asbove
the reactor so that neutrons and gamma radiation entering it come
primerily through the bottom of the exposure chamber and are
filtered through = lL-inch thick layer of lead., A ventilating system
pulls fresh air from outside the reactor through the exposure
chamber and into the reactor coolant stream. Specimens are rolled
into the chamber on trays by msams of push rods. A series of three
lead gates, only one of which csn be opsned &t a time, shield the
operator. A coumcrzte barricede outside the reactor shield provides
further protection., Specimens cam be inserted and removed while the
reactor is operating.

Bare Biological Tumnel

Operated ty -- Biology Division end Reactor Operations Department
Neutron Fluxes: 8 5

Thermal -- 5 x 10° n/em®-sec,

Fagt -- Mn-C3 ratio is 73
Gamms, -- ~340C R/hr

The bare biological *urnel was built into the reactor shielding
at the timz of comstruction. It is similsr fo the lead-lined tummel
im all aspects execspt for the lead lining. Since it is located
farther from the vertical cewterliine of the reactor than the lead-
lined tummel, its meutron filux is lower.

Other more temporary equipment is bulli at the experiment openings
as desired and frequeni exposure of materials or equipment is made
inside the L4-inch square hcles amd in uncharged fuel channels.
Somes exsmples are shown in Figures 19, 20, 21, and 22.
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LOW INTENSITY TESTING REACTOR

The Low Intensity Testing Reactor (LITR) is probably the only op-
erating reactor that was bullt from left over test parts. Originally
the tank that contaizns the reactor core was a mock-up assembly for
measuring the water £low axnd mechenical charscteristics of the Materials
Testing Reactor {MFR) which is mow operated at the Arco, Idaho, Reactor
Test Station by the Philliips Petroleum Compeny for the AEC. (See Figure
23.) Since this installation was not intended to be permament, all
portions of the reactor tank except that surrounding the core were made
of ordinary steel. The sectioz containing the core is of 3-S5 aluminum
since tests of actual flow through the coolant shells of actual beam
hole thimbies had to be made. The hydraulic tests were completed in
1949 and a mockup of the beryllium reflector to be used in the MIR was
built into one quadrant of the core tank with ozly e minimm thickness
of beryllium surrounding the remaimder of the core. With this assembly,
a criticality test and zeutrom distribution mzasurement was made in 1950,

After these tests were complebed, the need for a training reactor
for the operating personmel of the MIR was recoguized and conversion
of the test mockuyp to a low power tecmporary reactor was completed on
March 2, 1951. {See Figure 2k.) The maximum power level was to be
500 kilowatts.

The copversioxr ccmsisted of the following:

l. Painting the insids of the sieel portlons of the reactor tanks
and some exbernal piplmg %o inhibid rusting.

2, Stacking & permenent beryllium reflector held in place by a
sheet azuminum housing. (Figures 25 and 26).

3« Providing scce=zss holes £or the variocus ionization chambers
used for comtrol. (Figure 27).

., Adding an additioral shim-sefety rod to the two used for the
criticalily test,

5. Surrounding the reactor tank with a comcrete block shield and
extendirg the team holes through the shield., Also providing
shieldizg for the holes. (Figure 28).

6. Replacing the 20,000 gallon per minute water system with a
smaller one to provide a flow up to 300 gallons per minute
and providing a heat exchanger.

T. Enclosing two sides and the top of the reactor with rooms for
shelter of experiments ard cperating personmel.
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Fig. 23. The Original Bare Mockup of the Materials Testing Reactor (MTR) which Was Later
Converted to the Reactor Now Known as the Low Intensity Testing Reactor (LITR).
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Fig. 24. Sectional Drawing of the LITR Showing the Reactor Tank, Core, Beam Holes,
Shielding and Internal Water Lines.
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Fig. 25. A View of the LITR Core Space with the Permanent Beryllium Being Stacked Around the Beam Hole Thimbles.



PHOTO 7405

Fig. 26. A View of the LITR Core Space with the Stacked Beryllium in Place Prior to Being Covered
with the Sheet Aluminum Housing.
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8. Providing a special radioscitive waste watsr disposal system
including two retzpntioz ponrds.

9. Permarentizgtion of the reactor conirol room and the control
ivstrumentatioz. {Figurs 29).

During the tims thet The reactor was being used for training, it
vas seen that conversion to a research azd radisisotopz producing re-
actor would require oniy sliight modificetion snd wouid vot be ex- A
cessively expensive, This further modificatioz imcluded only in- +
creasing the coolizg capacity aund meking the shield thicker. This wes
completed and operation st a power level of 1.5 megewatts began on
April 25, 1952. This was raised %o 3 megawaetts on Scptember 2, 1953,
by further thickeping the shieclding on the exit watar lizne from the
reactor.,

The LITR 1s & hebercgeneous light water cooied, light weter
moderated, berylilum reflected enriched urazium reachtor. The size
of the core that comtalns the fuel plates is roughly 2 feet high by
9 imches wide by 2 fest Long 2nd contains about 3400 grams of 3235,
The fusl assemhlies are roughly 3-inch sgquare pipes which contain
sixteen 2L 5/8 inch Zomg pistes eack consisting of a leyer of an
aluninum aud enriched urazium alloy samdwiched bhetwesn laysrs of
aluminum. Two walls of the pipe are also fuel pistes making a <osal
of eighteen plates per cliement., The total thickness cf each piate is
ebout 60 thousandths of anm inch. They are separased about a tenth of
an iunch apert by spacers to allcw passage of waler Zor cooiing. The
water between the plates is also the nmeutron wmodsrator. The piates are’
curved laterally om a £.5 inch radius to strenghthen +them and $o define
the direction of thermsl czformsiionm. :

The shim-safety rods are actuslly special fuel elements. Their
total lepgth is 13 feet 7 % inches., The lower.most section is made
of stainless steel to provide weight and to withstand the impact of
hitting the shock absorbter wiaen the rod £allisz. The bobtom end is
cylindrical and acts as a piston ixn the water-filled shock absorber
shell to lessen the force of impact wpon the bottom of the tank. Above
the stainless steel portion is am sluminum sectior containiang fuel plates.
The fuel plates are the core when the rcd is fully withdrawn into the
operating position. DImmsdiately above the fuel plates is a shell of cad-
mivm metal shesthed with alwmwinum. The cadmium is iz the core when the
red is in the down posisicn. Above the casdmium is s further extension
of the aluminum sectior; axd the top of the rod is a nickel-plated steel
block mounted on & spring-ioaded ball and socket joimb which is keyed
to limit its movement to tiliing omly. This steel top allows the rod
to be lifted by sn electromagret which hangs from the top cover of the
tank on a drive shafi. Above the cadmium section aznd below the fuel
section there are slots in each of the four sides. These eight slots
are sbout 12 inches long &nd apout ome irnch wide. Their purpose is to
ellow water to flow over tie cadmium and fuel.
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The regulating rod used by the automatic control is & hollow-
diameter cylindrical shell that contains strips of cadmium metal
between two layers of aluminum. It dozs not =nter the core but
operates in the reflector.

The reactor tank which is 26 feet, 9 13/16 inches high is actually
five hollow cylinders stacked to form a single tank. The two top
gsections are carbon steel, The next section is a stainless steel ex-
pansion ring. Next is a 3-S aluminum section which contalns the beam
hole thimbles and encloses the reactor core., last is another carbon
steel tank. The bottom of the tank is a hollow carbon steel disc which
in the MIR contains lead for shielding but in the LITR is empty. The
tank is supported both at the bottom and top by steel beams and thermal
expansion is ebsorbed by the expansion ring.

The support for the core and reflector is an aluminum casting which
is anchored to the tank wall. Centered in the casting is & removable
45-place grid that supports the bottom of the fuel elemernts and removeble
beryllium pieces. Eight of the L5 holes in the grid are large enough
for the shim-safety rods to pass through. All but three of these are
narrowed with adapters to hold the bottoms of fuzl siements or beryllium
pieces., Hanging below this grid is a bsaring support for the shim-safety
rods. Shock absorbers for the rods sit upon the botitom of the fank. A
permanently stacked beryllium reflactor made up of beryllium tlocks
whose maximum size is 2 inches by 2 inches by 8 inches is built up around
the core to a height of 41 inches and exclossd om ail sides by an aium-
inum housing. The minimum thickness of this stacked beryiiium is 8
inches and occurs on the sides where the beam holes enter. It is formed
around the beam hole thimbles which terminate at the core itself. (Fig-
ure 25). Since no provision was made for forced cooling of ths beryl-
lium in the stacking, the power lavel is limited to the present 3 mega-
watt level because of nuclzar heating im this regiom which is about O.k
watt per gram at 3 megawatt power level, At ths ends of the core the
stacked beryllium goes to the tank wall itsslf to provide a better path
for neutroms to the ionization chamber thimbles which are terminated
outside the tank wall. This beryllium contaivs two vertical holes to
accommodete regulating rods used by the automatic powsr control. Only
one of these holes is used for this purpose. The other is used for
exposure of targets.

A second grid assembly fits over the tops of the fuel glements to
further assure their being verticaelly alignsd and holds the upper
bearings for the shim-safety rods., This grid asszubly must be re-
moved in order to have access to the core for fuel replenishing.
Figure 30 shows the finished core as it was for 500 KW cperetion with
the upper assembly of grids removed and suspended at one side of the
tank,

The hollow, flanged carbon steel disc krown as the top plug which

fits into the top of the tamk to form a water seal also serves &s a
support for drive motors and shafts for the shim-safety rods and the
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PHOTO 7521

L s
\

Fig. 30. Looking Down into the Reactor Tank as Assembled for 500 kw Operation.
The Return Water Line from the Bottom Section Is Now 8 inches in Diameter.
The Upper Assembly of Grids Is Shown Hanging from a Bracket at the Top of
the Tank. The Shaft it Hangs by Is a Removable Handling Tool.
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regulating or conitrol rod., {See Figure 31.) Four support columas hold

& horizontal steel frams helow the top plug. This frame contains guide
bearings for the rod shafts. A% the cormers of the frame are sockets
vhichk £it over aliguing pims anchored to a heavy steel ring which in
turn, is anchored to the flangsd junctiom of the top tazk and the

smaller tank immedistely umder it. The guide Pframe is spring mounted on
the colums from the top plug so that actual aligning is dope by the
aligning pins in the tank, Four upright columns on the top plug support
& platform upon which are mounted %wo of the shim-safety rod drive

motors ard the drive motor for the regulating rod. The third shim-safety
rod drive motor which is not standard is mounted upon the top plug itself
and requires a gear train to approximete the drive speed of the other two.

The shield around the reachtor Sanmk is built up of unmortared con-
crete blocks {See Figure 28) except for the outermost 1 foot layer which
is of mortared concrete block covered with a layer of smooth conmcrete
stucco. The winimum thickness is 104 feet. A1l cracks in the unmortared
block are filled with sand. A layer of boron-carpids impregnated plastic
was spaced at a 3-inch distance around the core tank and the 3-inch space
was filled with sand. The plastic has been dessroyed by radietion leav-
ing a layer of boron awnd carbor., The boron reduces the number of cap-
ture gammas borm in the shizlé. Radiation through the shield in the beam
hole rooms is less than 35 mr/hr, at £ull power.

The water ccoling system has g tosal volume of about 13,000 galions.
Usually oaly 10,000 galicms is ussed. Aboub 4,000 gallops is in the re-
actor tank, and amother 4,600 galloms is inm a 7,000 gallon tank in
series with the reactor. This second tank serves as a reservoir, a
Gegessing tavk, and & hold-ip “ark 5o allow decay of short-lived radio-
activities such as N:°. The remining 2,000 gailons is in the linpes,
heat-exchangers, pumps, straimers, filter, and demineralizer. The water
is recirculated through the syzsem at a rate of 2200 galloms par minute
apd 20 purging is dome sxcept iz unusval circumstances.

Two 75 horsepower 1500 gpm electricelly driven cembrifugal pumps
are used to circulate the water., Only one pump is used at a time and
the other is kept iam stamiby. Iz order $o kpow that they are in work-
ing order they are used alterealtely for ebout one week periods. These
pumps have stainless stesl impalilers and cast carbon steel housings.

Two air to walter heat exchemgers remove the heat from tre water.
{See Figura 32.) These ars made uwp of banks of fivmed sluminum tubes
over which air is blownm by propeilers opesrated ty U0 and 10 horsepower
two speed electric motors. They were desigred to dissipate 2 mega-
watts of heat during the hot swmmer days {90°F), so a water +o water
shell apd tube heat exchanger mus> be used during the summer to remove
the other 1 megawatt at the present power level. The shell and tube
heat exchanger is used during very coid weather 40 add heat to the
system during shutdowns to prevent freezing. This is done by passing
steam through the shell,
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PHOTO 4893

ires to the Shim Rod and Regulating
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Since all the piping in the system is mostly either aluminum or
carbon steel, enough iron hydroxide and aluminum hydroxide builds up
in the water to impeir visibility through the 20 feet of water in the
reactor tank so that shutdown work in this region (fuel renewal, etc.)
becomes very difficult. Originally the water was purged during every
shutdown to improve clarity. The installation of a cellulose fiber
bypass filter has completely eliminate the water clarity difficulty and
actually provided greater visibility than was possible with the purging
technique., Up to 40O gallons per minute can be bypassed through the
filter. The life of the filter media is 6 to 8 weeks; then it begins
to disintegrate. A lucite viewing plate is provided in the filter
housing so that the beginning of disintegration can be seen and the
media changed before it becomes distributed through the cooling system.

In order to minimize corrosion of the ealuminum parts of the reactor,
the pH of the water must be maintained between 5.5 and 6.5 and the spe-
cific resistance greater than 250,000 ohms, These conditions are main-
tained by use of a bypass demineralizer which is a system of three ion
exchange resin columns capable of handling a flow of 14t galloms per
minute. The three columns are in series. The first is a cation ex-
changer and the second is an anion exchanger, the purpose of these two
being to remove most of the foreign materials from the water. The third
column is & mixed bed unit which further dresses up the water and has
an effluent of better than 2,000,000 ohms specific resistance. In re-
moving ions from the water, the columns remove practically all the
radioactivity from the water and thus minimize shielding for the systen.
The reason for not using only a mixed bed unit is that the anicon ex-
change resin is more subject to radiation damage than the cation. By
using separate primary columns, which are easily replaced, or regenerated,
the life of the mixed bed resins is much prolonged with respsct to re-
generation and especially with respect to radiation damage to the anion
component of the mixed bed. The water flow through the demineralizer is
from the exit line from the air-water heat exchangers to the suction
side of the circulating pumps.

Where the water lines pass through areas frequented by personnel,
they are shielded by either lead or barytes concrete blocks.

The path of the water through the system is thus: Beginning at the
storage teank it moves to the pump and all but the 200 to 400 gallons per
minute which goes to the filter goes on through the water-to-air heat
exchangers. The portion that goes through the filter bypasses the heat
exchangers. After passing through the water-to-air heat exchangers all
the water goes through a strainer and part or all can be passed through
the shell-and-tube heat exchanger. From this point 14 gallons per min-
ute is bled to the demineralizer and returns to the low suction side of
the pump. After the shell and tube heat exchanger all the water collects
into one 8-inch diameter aluminum pipe and rises to the top of the re-
actor tank. Just before it reaches the tank it passes a radiation mon-
itor which shows a measure of the radicactivity of the water on a re-
corder in the control room. The orifice for measuring the water flow
is also in this region. The water then enters the top of the reactor
tank and flows downward through the core. Below the core it enters the
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exit water line which rises inside the tank beside the core and emerges
from the tenk near the top. 7This arrangemsnt makes a “U" trap of the
reactor tank itself end limits the amount of water that can be lost
from the tank in the event of an extarnel leak. From he top of the
reactor tank the exit water line descends directly to the storage tank.

Instrumentation for the reactor controls and safeguards use the
signals from four ionizetion chambers and a fission chamber. When the
reactor is just being started up, the neutron flux in the region where
the chambers are located is very low and must be monitored by the
fission chamber. This is a small counter tube whose ingside surface is
plated with uranium enriched in ¥235. In order to keep the fission rate
in the chamber in the range of the counter circuit, the chamber is
mounted on & chain drive by which it can be moved farther from the
reactor core as the neutron flux increases. The courting rate recorder
contains ~ontacts that require that it be showing at least two counts
per secend but not be off scale in order for the shim-safety rods to
be moved upward from the core. During the time that the fission chamber
counter is the only instrument showing & reading, the shim rod drive
mechenism is limited by & timer so that the drive caan be on only omne
second out of four.

The next ipstruments that begin reading as the neutron flux in-
creases are what are known as the Log N meter and the period meter.
The Log N recorder has a logarithmic scale and becomes operative when
the power level is only of the maximm power level. The
perioé meter shows the r%%gcggcgg;é of the Log N. The signal %o this
instrumentation is from & gamms compensated boron-coated ionization
chamber which can be adjusted only during reactor shutdown. Startup
limitations are imposed by both the period and the Log N meters. The
period meter limits initial startup rate to grester than a 30-second
reriod during simultaneous withdrawal of the shim rods. A period as
short as 7 seconds is allowed for single rod withdrawal, and a S5-second
period causes automstic irnserticn of the rods by the drive. A one-
second period causes the magnets to release the rods allowing them to
fall into shutdown position. The Log N recorder contains contacts
which dfop out restrictions and add others as the pcwer level increases.
At I—gggjcgﬁ of full power, it gives permission to comtinuously with-

three

draiw’ rods simulteneously_and thenlrequires that this per-
mission be relirquished between =000 and of fuvll power. It also
requires that the period be longs? %dan 30*§gconds when -3 of full

Power is reacked in manual operation or that the automatié control has
begun operating if in automstic; otherwise a reversal of the rod drive
is initiated. It also requires that the power level be greater than

L of full power when automatic control begins operating; otherwise
%gg input demand to raise the power by the automatic ccntrol cannot
be increased. When the reactor power falls below 1 of full power
in the event of a s?utdown, & contact on the Log N resets the automatic
control demand to Iccs.of full povwer to prepare for startup.

-58_




The automatic control ionization chamber is not gamma compensated
so it is not used until the power lsvel is at least L. of full power.
As soon as its output is greater than a set bias, itIggEomes effective
and the automatic control takes over. This is set to occur at .k oOf
full power. This chamber is boron-coated for neutron detection and is
not capable of being adjusted; position wise, unless the reactor is
shut down. The automatic control instrumentation uses the regulating
rod to either raise or lower the reactor power so that the chamber output
balances an imput demand signal. The regulating rod is limited to 0.25%

X and cannot initiste en unsafe condition. If a positive period
develops in the reactor that canmot be handled by the regulating rod,
the control instruments imsert the shim rods. The reverse condition
cennot happen, i,e., the instruments carnot initiate withdrawal of the
shim rods. In order to keep the regulating rod in its most effective
position, half inserted, the operator must meke small infrequent adjust-
ments of shim rod position.

Two identical power monitore are used for power lavels ebove 1%
of full power. These take signals from boron-coated non-gamme-compen-
sated ionization chambers which cen be adjusted only during reactor
shutdown. These chambers give signals to two linear recorders which
show the power level from 1% %o 150% of full power. Om each recorder
are contacts which cause a slow reduction of power by way of the auto-
matic control if the reading exceeds 110% of full power and & fast re-
duction by shim-safety rod insertion if 120% is exceeded. The cutput
from these chambers is also fed to the magnet power control and causes
a reduction in magnet current as the power level incresses. At 145%
of full power, the magnet current is sufficiently reduced *o cause the
magnets o release the rods to cause a fulil shutdowa of the xsactor.
This is the same system that the periocd meter operates through tc cause
a scram at & l-second period.

The temperature differentia’ to determire power by heat output is
measurad by thermccouples in wells in the irlet amd exit water lines
to the reactor. The water flow measurement for this determination is
measured by a calibrated manometer across an orifice in the inlet water
line. All other instrumentatioz is calibrated from the heat output.

Other instrumentation ircludes monitoring or provisions for moni-
toring the following: (1) Redicactivity of the inlet weter line,(2)
redioactivity and temperature of the effluert from individual fuel
elements, {3) pE and specific conductivity of the water system and
of the effluent from the demineralizer, (K} power load on the pumps
and heat exchanger blowers.

EXPERIMENT FACILITIES IN THE LITIR

The experiment openings and core spaces in the LITR are similar
to but less in number than those of the MFR. Six horizoaotal beam
holes with internal thermal neutroz fluxes raaging from 8 x 1022 to
3x 1013 n/cm? sec. go through the concrete shield and up to the core
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Fig. 34. A View of Operators Removing a Beam Hole Shield Plug. The Wide "'T'' Handles on
the Tool Permit the Operators to Stand Outside the Radiation Beam from the Hole.
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within the tank as shown in Figure 25. These have an internsl diameter
of 6 inches for the portiom within the reactor tank and chamge to 7
inches and them 8 inches in diameter in goimg outward to provide for
stepped shield plugs to mimimize radiation streaming along the plugs.
The beam holes are used primarily for the exposure of materials, either
static as in the case of crystal damage or dynamic as in the case of
circulating loops of homogeneous reactor fuels. One beam hole is more
or less permanently occupied by a chopper-type neutrom velocity selector
used for cross section messurements as showa in Figure 33 while the
other beam holes are devoted to less permanent usages. Figures 34 and
35 show the method used to remove shield plugs from beam holes. The
wide "T" handle on the tool is provided to allow the operators to stand
outside the beam from the hole as the plugs are removed. Two horizomtal
pneumetic tubes are available which can accommodate samples up to 3/8
inch in diameter by 1 7/8 inches long.

In the core some of the removable beryllium pieces can be replaced

with experiment equipment if the neutron absorption by the experiment

is not excessive. In the spaces which correspond to shim-safety rod
positions in the MIR but are not used as such in the LITR, access tubes
can be inserted through the unused shim-safety rod holes in the top plug
and on into hollow beryllium pieces in the core. These provide for
irradiating small targets or picces of equipment in thermal neutron
fluxes wp to 4 x 1013 n/cm2 sec, Three removable berylilium pieces have
been replaced with vertical trays made of & magnesimm-aluminum alloy to
provide miltiple spaces fo; irradiating small targets in thermsl neutron

luxes up to 2 x 1013 n/cm™ sec. Four 3 3/8 inch diamster vertical holes
outside the reactor tank provide up to oniy 4 x 101t m/cm? sec, and are
used primarily for iomization chamver development.

Experiments performsd in the LITR require more rigid imstrument
monitoring than those irn the Graphite Reactor because of the nuclear
heat damege in the event of lose of coolant o the experiment equip-
ment. This generally involves an automatic power reduction or shut-
down of the reactor. For this rzasonr, practically all experiments
other than simple target irradiatioms in the water-cooled core must be
equipped to send autamatic signals to the reactor safety circuits in
the event of excessive heat or other undesirable cordition.

Operation of this reactor has for the most part heer uneventful
as far as the reactor behavior 1tzel® is concerned. The imstrumen-
tation has performsd as desigrnsd arpd the control system has operated
as planned. Only the usual types of imstrument failures have occurred
such as broken or shorted wires, tube burnout, and relsy failure. Dup-
lication of necessary functions im the instrumentation awd fail-safe
features have, however, prevented these from being serious.

The oaly really perplexing problem arose during operation at the
1000 KW power level early in the life of the reactor. This was the
appearance of bubbles rising out of the core accompanied by mixnor
power fluctvations. It was firally discovered that the water cir-
culating pump then in use was designed to be an acid pump and was
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built to draw air in through the shaft sesls to prevent loss of acid.
This air dissolved into the water and wes released as bubbles vhen the
vater was heated in passing through the core. Since the flow rate was
only 300 gallons per miznute, its velocity through the core was not
sufficient to prevent the bubbles from rising coumtercurreant to the
flow aprd causing the power fluctuations.

Reactors of this type lose fission product gases to the water from
pores in the fuel element plates when operated at high powers. This
doss not cause a serious problem but doss require that the top of the
water storage tank be commected to the off-gas system simce this is
the only place in the system where ges can collect. Also s small
amount of the water is dissociated whem passing through the core ard
would cauge an explosive mixture of hydrogezn and oxygen to collect in
the top of the storage tank if it were not continuously purged.

Pwo other lower power reactors of the LITR type are being operated
as sources for shielding studies by the Physics Divisiom. These;, how-
ever, are not ganeral purpose reactors and are uswally not available
for uses by other regearch divisions.

The Geneva Conferemce Reactor being operated by personnsl from the
Oak Ridge Natiomal Iaboratory 1s also a reactor of this type. It, how-
ever, relies upon convection foxr coolant flow and cannot operate at a
high power level.

CONTAMINATION CONTROL

The prctliems involvimg radietion hazsrds to personmel are, of course,
commopn t0 both these resctors agd are present where sny resactor, partic-
ularly a research reactor is operatsi. Where there is freguent ramoval
of meterials from & reactor It is very 4ifficuit to prevernt soms contam-
ination spread and some cxposure of personpel to radistior.

At the graphite rezctor it hes been found necessary $o carefully
wipe all handling tools with moist cloths as they are withdrawn from
experimert holes or fuezl channels, 7Tools or pileces of equipment that
cannot be wipesd are drawn past a vacuaum openimg to remove any particles
that might have been picked wp withim the reactor. {(Figure 15). Every
tool removed froam the reactor is plsced on paper spread upon the floor.

At the L7TR it is in most cazez impoessibie to use the wiping tech-
nique due to tae high radiatiom comimg from agy open beam hole (up to
100 R/hr.) until the tools have been removed to one side. For this
reason they must be carsfully handled amd laid upon paper umtil they
have been decontamimated., The inside of beam holes at the LITR are
not subject to am imtermal suction as the ores at the graphite reactor
are except for the outer ome foot so when & shield plug is pushed into
a hole too fast, radicactive dust is blown out by the expelled air,.
Vacuum cleaners and suction limes from the off-gas system are used as
much as possitle to minimize this conditiom.




After any work is performed at any beam hole in either reactor or
at the fuel champels in the graphite reactor, the aree is carefully
cleaned by mopping and thoroughly checked by radiation detecting imstru-
ments. This is in addition to the continuocus radiation monitoring that
is always done while any such work is in progress.

At the top of the LITR during work in the core, lopg handling tools,
shields, and submarine lights must be frequently imserted and removed.
Since the water im the reactor is radicactive, all these items must be
rinsed with fresh demineralized water as they are withdrawn.

In order to keep down the spread of radicactive dust that is not
concentrated emough or not radicactive enough to be read with portable
radiation detection equipment, two procedures are used. One is the use
of the smear technique im which small areas {about 1CO cm?) are rubbed
with a piece of absorbent paper about 13" in diameter and the paper
counted by stamdard beta-gamma apd alpha counters. The other method
is the use of x-ray £ilms which are taped to surfaces and take radio-
autographs of radicactive particles. The use of the films shows the
presence of Ilmbedded particles which cannot be fourd by the smear
technique.

In order to guard agalnst the exposure of personasl to radiation
without their knowledge, it has been fourd unwise to rely upon the
voluntary warning from personnel handiing radicective materiais, so
radiation momitoring imstruments that sourd a loud alarm bell when
the radiation exceeds 75 mr/hr. are located iz or zsar all work areas
in the reactor buildings. Also constantly opzrating sir activity moni-
tors are located sbout the huildings. These, too, sound loud alarms.

OPERATING AND SERVICE PERSONNEL

The Reactor Qperatioms Department, & part of the Operations
Divisiony, is responsibie for the operation and maintaining of the
Graphite Reactor and the LITR. In addition to the two reactors,this
department aiso operates a water demineralizsr pleant, a hydrogen
liguefier, axd does the handling work for & caral in which most of
the radicactive materials from other sites are unloaded and stored,
The personnel 1n the department comsist of five technical men, one
secretary and twenty mon-technical men, The five technical men are
the department superirtendent, two department supervisors who report
to the superintendent, arxd two day shift supervisors who report to
one of the department supervisors. The other dgpartm=nt supervisor
serves as liaison between the Reactor Operatiors Departmepnt and the
various research groups and aids in the preparation ard operation of
experiments ip the two reactors. Four of the mon-technical men are
shift foremen and supervise the other non-technical men during 2hk-hour
per day operation. The fcremen are im direct charge of the operation
of the reactors at all times, Although they have sot had formal tech-
nical training, they have had sufficient traiming im the operation of
the reactors to be competent im all physical phases of the work.
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Repair work and equipment revision is done by the maintenance
departments which also service other equipment and buildings.

In order to have stapdard radistion amd conmtamimation comtrol,
the personnel that handles the monitoring iz elso a central service
group. These people check all work involving radiation in the re-
actor buildings or elsewherz to see that personnel do mot become
exposed to dangerous amounts of radiation and that all radiocactive
contamipation is removed from equipment and work areas.
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